Introduction
In recent years, with rapid expansion of global business and international trade, one distinctive feature of the current container terminal industry is that competition among container terminals is more intensive than previously (Liu, From this perspective, data envelopment analysis model provides a more appropriate benchmark for the container terminal. The aim of this study is to evaluate the operational performance of container terminals which can be calculated by relative productivity, and defined as how to minimize inputs while producing a given level of output, or how to maximize outputs while using no greater quantity of any of the individual inputs within a given set of inputs, by Operational Performance Evaluation of Korean Major Container Terminals -720 -applying with DEA-CCR, DEA-BCC, and DEA-Super Efficiency, three models to acquire a variety of analytical results about the productivity efficiency for thirteen Korean major container terminals.
According to efficiency value analysis, this study first finds the reason of inefficiency. It is followed by identification of the potential areas of improvement for inefficient terminals by applying slack variable method which includes the projection analysis. Finally, return to scale approach is used to assess whether each terminal is in a state of increasing, decreasing, or constant return to scale.
The paper is structured as follows: after the introductory section of chapter 1, there will be followed by the description of three data envelopment analysis (DEA) models. In so doing, the three main approaches to applying DEA to analyze data are included in chapter 2. The required input and output variables are defined and the data that has been collected is described. Efficiency estimates of the study object are derived in chapter 3. Finally, conclusions are drawn in chapter 4.
Research method

Data envelopment analysis (DEA)
DEA can be roughly defined as a non-parametric method of measuring the efficiency of a Decision Making Unit (DMU) with multiple inputs and/or multiple outputs. This is achieved by constructing a single 'virtual' output to a single 'virtual' input without pre-defining a production function.
The term DEA and the CCR model were first coined in Charnes et al. (1978) and were followed by a phenomenal expansion of DEA in terms of its theory, methodology and application over the last few decades. The influence of the CCR paper is reflected in the fact that by 1999 it had been cited over 700 times (Forsund and Sarafoglou, 2002) .
Among the models in the context of DEA, the two DEA models, named CCR (due to Charnes et al., 1978) and BCC models (due to Banker et al., 1984) have been widely In this study, the DEA model includes three types of analysis. With respect to the efficiency value analysis, when technical efficiency is less than 1, that is technical inefficient, this means that the efficiency of the inputs and output being used is not appropriate, and that it is necessary to decrease input or/and increase output. However, when the scale efficiency is less than 1, that is scale inefficient, it means that the operational scale is not achieving an optimal value, and that the operational scale should be enlarged or 
Research procedure
The research procedure of this study is summarized in figure 2 . After the selection of container terminals, the output variable for the study should be selected firstly.
Drawing on the literature review, site survey & interview, and Brainstorming to eliminate the duplication factors, the initial inputs variables can be chosen.
Then, in order to provide a more comprehensive picture of research, and for the purpose of finding the operational efficiency value, an exploration composed of the CCR, BCC and Super-efficiency DEA models and three analytical approaches which include efficiency value analysis, slack variable method and return to scale approach have been applied. After that, the evaluation results and suggestions will be given. Table 1 Questionnaire of study Therefore, in order to determine the input variables, the Synthesizing the former research, in this study, the output variable is defined as throughput. 
Conclusions
For container terminals in the competitive circumstances, efficiency is an important concept and concerned with how to use limited resources more economically for any sort of production. As a benchmarking approach to study efficiency, DEA enables a container terminal to evaluate its performance from each other in DMUs. By doing this, the possible waste of resources and the industry best practice can be identified. By using a range of DEA models, this study has evaluated the thirteen Korean container terminals, and in the process has acquired varied and complementary conclusions from the different models. The study has making efficiency value analysis, and has established a return to scale to compare the technical efficiency value with the scale efficiency value, with the lesser of the two indicating the major cause of inefficiency for each container terminal. Moreover, using slack variable analysis, the study has provided useful information that indicates how relatively inefficient container terminals can improve their efficiency. Table 6 Projection analysis results
Empirical results reveal that substantial waste exists in the production process of the Korean container terminals.
For example, the average efficiency of container terminals using the DEA-CCR model amounts to 0.663. This indicates that, on average, the container terminals under study can dramatically increase the level of their outputs by 1.5 times as much as their current level while using the same inputs.
Empirical results also reveal that the container terminals under the study were found to exhibit a mix of increasing and constant returns to scale at current levels of output.
This indicates that, the scales of major container terminals are not saturated. Such information is particularly useful for terminal managers or policy makers to decide on the scale of production.
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